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eleetroehemical processes under vacuum has become routine over the past decade, being limited to liquid 
inclusion or low-vapour- pressure liquids. Scanning probe microscopy allows detailed structural measurements 
during liquid phase, but because it requires typically 30 seconds per frame, generally do~s not resolves the 
subsecond processes. Fast acquisition teclmiques enable reactions at step edges to be imaged at several frames per 
second, affording great insight into kink dynamics during growih on single crystal substrates. However, this has 
not been extended to three-dimensional growth, or to more general substrates. 
In 2003, F. M. Ross m IBM have been developed a novel Transmlssron Eleetron Mlcroscopy (TEM) 
technique to study eleetrodeposition of copper at solid-liquid interface with a time resolution of 30 images per 
second, over a large area (several micrometers square), and at a spatial resolution of around 5 nm. Controlled 
eleetrochemical reaction is carried out in TEM so that established TEM imaging and analysis techniques ean be 
used. By observation electrochemical reaction in real time, we can apply simple models to understand the key 
processes involved in eleetrochemical reaetion. 
The development and improvement of a simple, easily manufactured liquid cell in which wc have studied 
eleetroehemical deposition of cobalt (Co) from in situ in the TEM will be presented. The electrochemical cell 
made of two silicon wafers contains a 500 nm thick electrolyte which a means to be electron-transparent. Three 
electrodes (counter, reference, and working) are made of gold on the same plane. The distance between reference 
and working electrode is 5 !1 m and whole electrochemical reaction is in the restricted small volume. 
In the second part of this dissertation deals with the complicate making processes of new design 
electrochemical cell and experiment steps for TEM to study electrochemistry. It includes chemical vapor 
deposition (CVD), semiconductor cleaning process, heat oxidation, photolithography, etching, vacuum 
evaporation, vacuum sputtering and cell assemble. All the making process has to be done in the clean room. We 
also introduced the principle and apparatus of TEM in this part. 
In the third part of this dissertation deals with characterization of electrochemical cell. We observed the 
high-resolution images of electrode by Hitachi HF-2000 TEM. The accelerating voltage is 200 kV. We introduced 





by EDX. We introduced the characteristics of seattering and difikaetion of electron when it passed through a thin 
specimen. We also detected the transmittance of eleotron beam when it passed through EC-TEM cell. 
In the fowih part of this dissertation deals with the results of a real-time study of electrochemical deposition 
of cobalt on gold eleotrode from Hexaamminecobalt (III) chloride solution. By operating an eleotrochemical cell 
and transmission electron microscope, we obtained real-time images of the formation of cobalt islands on a gold 
electrode while simultaneously recording electrochemieal data by cyclic voltammogram. Images are recorded 
during growih at various potentials (O V--1.4 V) and hold at the same potential (-1.45 V) allows direct 
visualization of the changing of morphology of gold electrode and the island shapes of cobalt. This experimental 
can be compared with electrcchemical model to gain an insight into the nucleation and growih process. 
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 論文審査結果の要旨
 第一章では、電気化学その場観察手法一般を概説し、『その上で、透過電子顕微鏡を用
 いた電気化学その場観察手法(EC-TEM)の優位性について述べている。また、EC-TEMその場
 観察において重要な鍵を握る観察用セルの作製に関する研究現状について概観している。
 第二章では、新たに設計されたEひ丁囲用セルの作製方法について述べられている。こ
 のセルの作製工程には、化学気相堆種法、半導体清浄方岳、熱酸化、光りソグラフィー、
 エッチング、真空蒸着、及びセル経み立てが含まれている。全ての工程は、クリーンルー
 ムで行われた。
 第三章では、EC-丁脳用セルの性能評価について述べている。HitachiHF[2000丁脳を
 用いて、EC-TEM用セルの直接観察、電子線透過率決定等を行った。更には、エネルギー分
 散型X線分光器(EDX)を用いて、EC-丁駆用セル中に配置された金電極の成分を分析した。
 その結果、本研究で試作されたEC-丁脳用セルがEC-丁脳観察に用いることが可能であるこ
 とを明らかにした。
 第4章では、塩化ヘキサアンミンコバルト(III)水溶液中での金電極表面上のコバルト
 の軍気化学的堆積の実時間観察結果について述べている。上記のようにして開発した
 EC-TEMを用いて、電気化学サイクリックボルタンメトリーを行いながら、金電極上のコバ
 ルトアイランドの形成過程のその場観察を世界で初めて行った。Eひ丁脳像の電極電位依存
 性や、定電位でのεひ丁脳像の時間変化から、金電極及びコバルトアイランドの形状変化の
 直接的な可視化に成功した。
 よって,本論文は博士(工学)の学位論文として合格と認める。
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